Introduction
InAlN is attractive as a barrier layer in the GaN-based FETs [1] . Lattice-matched (LM) In 0.18 Al 0.82 N/GaN heterostructures can induce a large density of 2DEG (N S ) of over 2 x 10 13 cm -2 because of the large spontaneous-polarization charge. Recently, we fabricated LM InAlN/AlGaN/GaN heterostructures [2] and found that the insertion of the AlGaN layer boosts the electron mobility and flattens the surface.
A compressively strained In x Al 1-x N (x > 0.18) barrier is also interesting. With the barrier, the piezoelectric polarization is antiparallel to the spontaneous one. Therefore, the N S decreases with the increasing the In content. It has been predicted that N S would be eliminated for In x Al 1-x N/GaN (x = ∼0.3) barrier [3] , which can be used to build enhancement-mode FETs.
In this study, we fabricated compressively strained In x Al 1-x N/Al 0.22 Ga 0.78 N/GaN heterostructures with regrown AlGaN layers and found that the threshold voltage varied from -3.2 to -0.2 V in the region of In content from 0.245 to 0.325.
Experimental
In Figure 1 shows the schematic view of the InAlN/AlGaN/GaN heterostructures FET. With the gate region masked with the 2-μm stripe SiO 2 , 10 nm dry etching and AlGaN selective regrowth on the window region and removement of SiO 2 mask were performed. This was followed by mesa formation and Ti/Al/Ni/Au Ohmic contact deposition and metallization. Finally, and Ni/Au was deposited. The gate length and width are 4 and 20 μm, respectively. The source-drain spacing is 8 μm.
Results and discussion
First, we estimated the electrical properties of the InAlN/AlGaN/GaN heterostructures by non-destructive eddy current measurement. Figure 2 shows the N S and electron mobility as a function of the In content of the InAlN barrier layer. N S decreased from 6.5 x 10 12 to 1.3 x 10 12 cm -2 as the In content decreased from 0.245 to 0.325, resulting from the decrease of the sum of the piezoelectric and spontaneous polarization. It is considered that these values are higher than those of InAlN/GaN because of the polarization charge of the inserted AlGaN layer. However, the inserted layer is effective for achieving high electron mobility [2] , which is very low in the InAlN/GaN heterostructures due to the large alloly-disorder scattering rate [4, 5] . High mobility of 1570 cm 2 /Vs was achieved for the In 0.245 Al 0.755 N/Al 0.22 Ga 0.78 N/GaN. It decreased to 416 cm 2 /Vs with increasing In content. Because N S is extremely low, the screening effect on Coulomb scattering centers, such as ionized impurities, becomes weak.
The 2DEG should be eliminated at the heterointerface for enhancement operation; however, this would insulate the access region and suppress device performance. In this work, we regrew the AlGaN contact layer in order to induce N S in the access region. Figure 3 , operation close to enhancement mode was observed. The maxim tranceconductance was 62 mS/mm, and the drain current was 0.11 A/mm. These low values are attributed to the large gate leakage current at the high gate voltage as seen in Fig. 4 . The use of MIS structure would be one of the way to reduce the leakage current, though further investigation is needed. Figure 5 shows the correlation between the threshold voltage and In content. The threshold voltage became varied from -3.2 to -0.2 V as the In content increased from 0.245 to 0.325, indicating that the threshold voltage can be controlled by the adjusting the In content in the heterostructures. Enhancement operation should be possible by using a thinner barrier or by increasing the In content for the InAlN/AlGaN/GaN heterostructures.
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